Rationale Evidence from a growing body of literature suggests that alcohol, even at moderate-dose levels, disrupts the ability to ignore distractors. However, little work has been done to elucidate the neural processes underlying this deficit. Objective The present study was conducted to determine if low-to-moderate alcohol doses affect sensory gating, an electrophysiological phenomenon believed to reflect the preattentive filtering of irrelevant sensory information. Methods Sixty social drinkers were administered one of three doses intended to produce breath alcohol concentrations of 0.0 % (placebo), 0.04 % (i.e., low dose), and 0.065 % (i.e., moderate dose). A paired-click paradigm consisting of 100 pairs of identical tones (S1 and S2) was used to assess sensory gating. Amplitudes of P50, N100, and P200 auditory evoked potentials (AEPs) were used to calculate gating difference (S1-S2) and ratio (S2/S1) scores. Results The moderate alcohol dose significantly decreased P50 and N100 gating relative to placebo. Comparisons between the difference and ratio scores helped characterize the gating mechanisms affected at these stages of information processing. Alcohol did not alter P200 sensory gating. Conclusions These data suggest that alcohol disrupts preattentional sensory-filtering processes at breath alcohol concentrations (BrACs) below the current 0.08 % legal limit. Future studies should perform a combined assessment of sensory gating and selective attention to better understand the relationship between these two alcohol-induced deficits.
Introduction
Despite the reported health benefits of a moderate-drinking lifestyle (e.g., Fuller 2011), significant morbidity and mortality has been associated with the acute consumption of low-tomoderate alcohol dose levels (Kuendig et al. 2008; Taylor and Rehm 2012) . Laboratory studies conducted to explore possible neurocognitive deficits responsible for these consequences have identified an impaired ability to ignore irrelevant and potentially distracting stimuli. For example, Fillmore et al. (2000) reported a disruption of the negative priming effect at a breath alcohol concentration (BrAC) of 0.065 %, indicating an inability to suppress the processing of previously presented task-irrelevant distractors. Similar impairments in the ability to ignore irrelevancy have also been observed using inhibition of return and delayed ocular response tasks at or below the same BrAC level (Abroms and Fillmore 2004; Abroms et al. 2006) .
Although the acute effects of alcohol on attention have been extensively examined, its effects on pre-attentive mechanisms operating at earlier stages of information processing have remained relatively unexplored. Investigation of these pre-attentive mechanisms would be of value considering the influence exerted by stimulus-driven, bottom-up processes on top-down cognitive and behavioral functions such as selective attention (Corbetta and Shulman 2002) . Based on the clinical observations of schizophrenic patients, Venables (1964) proposed that an inability to ignore irrelevancy in the environment might result from a dysfunctional pre-attentive filter that restricts the access of irrelevant stimuli to higher-order cognitive centers. By preventing sensory overload or flooding, this sensory filter allows unimpaired individuals to cope with large amounts of information without taxing attentional resources.
In more recent investigations, this filtering mechanism has been operationalized as a neurophysiological phenomenon referred to as sensory gating. One common method to test sensory gating involves the use of a paired-click paradigm which takes advantage of stimulus novelty to measure the brain's response to irrelevant stimuli. Using the orienting response as a behavioral marker of stimulus salience, novel stimuli have been shown to be highly salient, reliably evoking a reorientation of attention. However, redundancy in the presentation of a stimulus decreases orientation toward it, indicating a reduction in its salience (Neo and Chua 2006; Siddle et al. 1983) . During the paired-click paradigm, pairs of identical tone stimuli are presented to an individual while simultaneously recording electroencephalographic (EEG) activity (Adler et al. 1982) . The presentation of each tone elicits a set of three auditory evoked potentials (AEPs) reflecting sequential stages of information processing: the P50, N100, and P200. Sensory gating is observed when the redundant second tone in each pair elicits an attenuated response (i.e., smaller amplitudes of the AEPs) compared to the contextually relevant, novel first tone.
To date, the majority of the evidence linking sensory gating and attentional functions has come from clinical populations. For example, both schizophrenics (Adler et al. 1982; Freedman et al. 1987 ) and patients suffering from dorsolateral prefrontal cortex lesions (Knight et al. 1999) , two populations characterized by high levels of distractibility and noted deficits in attention, exhibit impaired sensory gating. Importantly, an individual's level of sensory gating has been found to correlate with their performance on certain attention tasks among both patients (Hsieh et al. 2004; Smucny et al. 2013) and healthy controls (Lijffijt et al. 2009; Yandon et al. 2009 ).
The increased use of novel techniques to measure gating may also further elucidate potential relationships with attentional processes. Because difference and ratio scores derived from AEP amplitudes have been found to reflect different aspects of the gating process (e.g., sensory registration versus suppression [Brockhaus-Dumke et al. 2008] ), both are now commonly reported as measurements of sensory gating. The use of the N100 and P200 components to evaluate gating in addition to the more traditional P50 component has also become more frequent due to their superior reliability (Anokhin et al. 2007; Rentzsch et al. 2008) .
Beyond impairments in the ability to ignore task-irrelevant distractors, there are additional reasons to believe that alcohol consumption might be associated with impaired sensory gating processes. For example, functional neuroimaging studies have revealed reductions in blood flow to and activity of prefrontal cortical regions believed to be critical for robust sensory gating (Trim et al. 2010; Wendt and Risberg 2001) . In vitro, ethanol has been shown to inhibit the activity of nicotinic receptor subtypes (Yu et al. 1996) previously implicated in proper P50 sensory gating. Furthermore, preliminary evidence suggests that the chronic alcohol abuse observed in alcoholics results in impaired P50 sensory gating (Marco et al. 2005) . In an acute setting, alcohol consumption was also associated with reduced levels of P50 gating in a previous investigation of 12 social drinkers (Freedman et al. 1986 ). However, a poorly controlled alcohol administration protocol (participants were instructed to drink white wine to their usual level of intoxication), a small sample size, and the lack of N100 and P200 data underscore the need for a more systematic evaluation.
To address the unresolved issues of this previous investigation and extend our understanding of low-to-moderate dose effects on sensory processing, the present study examined the effects of controlled alcohol administration on P50, N100, and P200 sensory gating in a group of 60 community-dwelling moderate drinkers. Both ratio and difference score measures of amplitude suppression were calculated from data collected during a paired-click paradigm. Based on the results of the Freedman et al. (1986) study as well as the previously reported deficits in attention, we predicted impaired gating of all three AEPs following the acute administration of low-to-moderate alcohol doses.
Methods

Exclusion criteria
Sixty (34 females) participants between the ages of 25 and 55 (31.4±8.9) were included in the study. Participants were excluded if they (1) were not moderate drinkers (typical consumption of ≤1 drink/day for women, ≤2 drinks/day for men (USDA/USDHHS 2010), and at least 1 drink/month), (2) were smokers, (3) had a first-degree relative diagnosed with schizophrenia, (4) had a hearing threshold above 10 dB, (5) were color blind, (6) met the criteria for a current or past Axis I psychiatric disorder, or (7) suffered from a medical condition or were taking a medication that either contraindicated the use of alcohol or alters electrophysiological or neurocognitive functioning (e.g., benzodiazepines).
Screening procedures
Participants were recruited via flyers, newspaper, and radio advertisements. Interested participants underwent an initial screening session. Demographic information, general intellectual abilities (Shipley Institute of Living Verbal (SIL-V) and Abstracting (SIL-A) [Zachary 1986 ]), substance use histories, current alcohol use patterns (Quantity-Frequency Index (QFI) [Cahalan et al. 1969] and Max-QFI), brief medical histories (including current medications), affective state (Beck Depression Inventory (BDI-II) [Beck et al. 1996] and Spielberger Anxiety Inventory (STAI) [Spielberger 1983]) , and family histories of substance abuse and psychiatric illness were collected. QFI and Max-QFI provide an estimate of the average and maximum amount of absolute ethanol (oz) consumed per day over the past 6 months, respectively. A computerized clinical research interview based on DSM-IV (American Psychiatric Association 1994) criteria (computerized Diagnostic Interview Schedule (cDIS); [Robins et al. 1995] ) was also used to establish Axis I disorder diagnoses. At the end of the screening session, height/weight, auditory thresholds (MA-25 [MAICO Diagnostics, Minneapolis, MN]), and visual acuity (i.e., Snellen chart) were examined.
All participants provided written consent prior to the collection of any data and were compensated for their time. All procedures were approved by the University of Florida Medical Institutional Review Board.
Laboratory protocol
Participants were instructed to abstain from alcohol for 24 h and fast for a minimum of 4 h prior to testing and were transported to our lab at 9:30 a.m. After providing consent, they were given a small breakfast snack (~220 Cal). Following breakfast, research assistants collected breath and urine samples to ensure sobriety and exclude concurrent use of substances with the potential to alter electrophysiological indices. Pregnancy screens were also performed for all females prior to beverage administration. No individuals were excluded based on a positive alcohol, toxicology, or pregnancy test.
Alcohol administration
Participants were randomly assigned within sex to one of the three dose groups. Those participants assigned to one of the two active dose conditions received a volume of 100 % medical grade ethanol intended to produce a peak BrAC of either 0.04 % (low dose) or 0.065 % (moderate dose) according to the revised Widmark Equation (Watson et al. 1981) . This dose of ethanol was split into two beverages, each combined with 183 ml of sugar-and caffeine-free lemon-lime soda. The placebo dose consisted of two beverages containing 183 ml of the same soda. These beverages were misted with a negligible amount of ethanol to enhance placebo effectiveness. All participants were given 5 min to consume both beverages. Subjective ratings of intoxication (10-point Likert scale) and BrACs (Intoxilyzer, Model 400; CMI, Inc., Owensboro, KY) were recorded at 15, 30, 40, 55, and 65 min following the consumption of this beverage.
A booster beverage was administered 40 min following the consumption of the original dose to ensure that participants achieved their intended peak BrAC level. If the participant's BrAC at this time point was greater than 50 % of their target (i.e., 0.02 % for the low dose and 0.0325 % for the moderate dose), the booster consisted of 183 ml of soda misted with a negligible amount of ethanol. If their BrAC was below 50 % of their target, the booster consisted of half of their original ethanol dose in addition to the requisite amount of soda needed to bring the total beverage volume to 183 ml. Participants in the placebo condition always received a placebo booster.
Recording procedures
All electrophysiological recordings were conducted in a sound-attenuated, electrically shielded booth (Eckel Industries of Canada Limited, Morrisburg, Ontario). Participants were fitted with an elastic cap containing a 64-electrode array in an expanded international 10/20 system (Electro-Cap International, Inc., Eaton, OH). Linked earlobe electrodes were used as a reference with a mid-forehead ground. Two electrodes were also placed above and below the outer canthus of the left eye. Impedances were maintained below 10 kΩ. NeuroScan 4.4 Acquire (Compumedics USA, Charlotte, NC) was used to record continuous EEG. The amplifier was set to a gain of 10,000×. Data were subjected to an analog 0.15-50-Hz bandpass filter (6 dB/oct). Data were sampled at a rate of 500 Hz.
Paired-click paradigm
Participants were seated upright 70 cm from a computer monitor with their chins on a chinrest. One hundred pairs (S1 and S2) of identical tone stimuli (4-ms clicks presented at 85 dB over a 55-dB white-noise background) were presented to the participants over two trial blocks separated by a 2-min break period. The stimuli were presented through calibrated earplugs (ER-3 Tuberphone, Etimotic Research, Elk Grove Village, IL) using STIM software (Neuroscan, Inc., El Paso, TX). An interstimulus interval (ISI) of 500 ms occurred between the tones in each pair and an average intertrial interval of 8 sec (6-10 s range) occurred between pairs. A fixation "+" was presented in the center of the monitor throughout the testing session. The participants were instructed to keep their gaze fixated on the "+" while they passively listened to the tones as the tones were presented.
Two task orders, counter-balanced within dose group, were used during the protocol. The paired-click paradigm was administered at either 15-or 40-min postconsumption. BrACs and subjective ratings of intoxication were recorded during the 2-min break between trial blocks of the paired-click paradigm.
Peak identification
EEG data were processed off-line using EEGLAB toolbox (Delorme and Makeig 2004) . Separate filtering parameters were used for optimal visualization of the P50 (10-55 Hz; 24 dB/oct) and N100 and P200 (0.3-30 Hz; 24 dB/oct) components. Epochs ranged from 100 ms prior to each tone stimulus (baseline) to 398 ms following it. Epochs containing voltage recordings larger than ±150 uV were rejected. This approach resulted in an average of 99.7±1.3 and 91.4±12.5 usable tone pairs for the P50 and N100-P200 components, respectively. The number of epochs rejected did not differ between the three dose groups (p's > 0.1). The data were then subjected to independent component analysis (ICA) (Jung et al. 2001) followed by an automated technique for identifying and removing artifacts (ADJUST) (Mognon et al. 2011 ). S1 and S2 epochs were averaged separately and baseline corrected.
P50, N100, and P200 peaks were automatically detected (EEGLAB toolbox) using data from the Cz electrode (P50: most positive local peak (±4 data points), 45-90-ms poststimulus; N100: most negative local peak, 70-170-ms poststimulus; P200: most positive local peak, 125-250-ms poststimulus). Consistent with previous work (e.g., Tricht et al. 2012) , N40 (i.e., most negative local peak preceding the P50) was used to calculate the P50 peak-to-peak amplitude measure. The N100 and P200 amplitudes were measured relative to prestimulus baselines. A participant's data were excluded from analysis if an S1 evoked amplitude was not identifiable within the time windows or if technical problems were encountered during the recording procedure. This approach resulted in the exclusion of four participants from our analysis of all three AEPs as well as a fifth who was excluded only from the P50 analysis. As an additional constraint, S2 evoked potentials had to occur ±15, ±40, and ±80 ms of the S1 evoked P50, N100, and P200 components, respectively (Lijffijt et al. 2009 ). S2 components were assigned amplitudes of 0 uVand assumed to be completely attenuated if they did not occur within these time windows (Nagamoto et al. 1989 ). Both ratio (S2/S1) and difference scores (S1-S2) were calculated for each component. Larger difference scores and smaller ratio scores are indicative of more robust sensory gating. When S2 amplitude was ≥ S1, ratio and difference scores were capped at 1 and 0 uV, respectively, to represent a complete absence of sensory gating (Cadenhead et al. 2000) .
Statistical analysis
Demographic and alcohol use data collected during the screening session were subjected to one-way ANOVAs to explore potential differences between dose groups.
Separate 3 (dose)×2 (sex)×2 (order) ANOVAs were constructed to explore effects of sex, task order, and their potential interaction with alcohol dose on P50, N100, and P200 sensory gating. Sex and task order were dropped from the model because neither main effects nor interactions with alcohol dose were found for either factor on any of the gating measures (p's>0.05).
Skewness and kurtosis values were used to examine deviations from normality for each gating measure (Tabachnick and Fidell 1989) . One-way ANOVAs were used to test the effects of alcohol dose on sensory gating for all normally distributed gating measures. A Kruskal-Wallis analysis was used to examine dose effects, if the distribution of a gating measure exhibited significant skewness or kurtosis. Significant and trend-level (i.e., p≤0.10) dose effects were characterized by comparing sensory gating scores between groups using t tests and Wilcoxon-Mann-Whitney tests for normally and non-normally distributed variables, respectively. Corrections for multiple comparisons (Tukey's for normally distributed variables and Bonferroni's for variables exhibiting skewness or kurtosis) were applied to all post hoc tests to control for Type I error. S1 and S2 evoked amplitude measures were included in separate one-way ANOVAs to determine if the effects of alcohol on gating were primarily driven by dose group differences in the response to either the S1, S2, or both. Correlations between these amplitude measures and the sensory gating scores for each evoked potential were also performed. This analysis was conducted to explore the relative contributions of S1 and S2 alcoholrelated effects to the overall sensory gating measures.
Pearson correlations were performed between BrACs collected during the 2-min break between trial blocks and measures of sensory gating for those participants who received an active alcohol dose. This approach was taken to allow for comparisons with previous literature (e.g., Freedman et al. 1986 ) and to provide further validation for our dose group results. In addition, correlations between P50, N100, and P200 gating measures were conducted to explore the relationship between gating processes at the three AEPs. SAS version 9.3 (SAS Institute, Inc., Cary, NC) was used for all statistical operations.
Results
Demographics
Demographic and alcohol use data for individuals in the three dose groups are presented in Table 1 . No differences between dose groups were observed for any variable of interest (p's> 0.1).
Breath alcohol concentration and subjective intoxication
As expected, participants in the moderate-dose group recorded significantly higher BrACs than those in the low-dose group (F 1,37 =108.88, p<0.01) (Fig. 1) . Participants in the low-and moderate-dose groups recorded BrACs of 0.036±0.009 % and 0.058±0.011 %, respectively, during the paired-click paradigm (Fig. 1) . There was no interaction between time point and dose group on BrAC (p>0.1).
One female in the low-dose group was the only participant to receive an active booster beverage. Her BrAC at the time of the paired-click paradigm and sensory gating values did not differ significantly from those of her dose group (p's>0.2).
P50 component
Difference score (S1-S2) Alcohol dose had a significant effect on the P50 difference gating score (F 2,52 =6.52, p<0.01). Participants receiving the moderate dose recorded significantly smaller P50 difference scores relative to placebo (t 36 =3.58, p<0.01, d=1.19) (Fig. 2) . No other dose group comparisons yielded a significant difference (p's>0.05). P50 difference scores were significantly correlated with BrAC measures recorded during the interblock break period (r=−0.35, p=0.04).
There was a significant effect of dose on S1-P50 amplitude (F 2,52 =3.19, p=0.05). Participants in the moderate-dose group exhibited significantly smaller amplitudes than those in the placebo condition (t 36 =2.47, p=0.04, d=0.82) ( Table 2 ). S1-P50 amplitudes were significantly correlated with P50 difference scores (r=0.63, p<0.01). No dose effect was observed for S2-P50 amplitude (p>0.9), and S2 amplitude was not associated with P50 difference scores (p>0.5).
Ratio score (S2/S1) Alcohol dose had a significant effect on P50 ratio scores (F 2,52 =3.04, p=0.05). Participants in the moderate-dose group recorded larger ratio scores than those in the placebo group (t 36 =2. 47, p=0.04, d=0.82) . No other dose group effects on P50 ratio score were observed (p's>0.4). P50 ratio scores were not correlated with BrACs (p>0.3). S2-P50 amplitudes (r=0.50, p<0.01), but not S1-P50 amplitudes (p> 0.3), were correlated with P50 ratio gating scores.
N100 component
Difference score (S1-S2)
A Kruskal-Wallis analysis was applied to the N100 difference score because the distribution of this measure exhibited significant skewness and kurtosis. There was a trend-level effect of dose group on N100 difference gating scores (X 2 =5.22, p= 0.07). Participants receiving the moderate dose exhibited significantly larger difference scores than those in the placebo condition (z=2.42, p=0.02) (Fig. 3) . No other group differences yielded a significant difference (p's>0.2). N100 difference scores were significantly correlated with BrAC measures recorded during the interblock break period (r=−0.36, p= 0.03).
Dose group did not have an effect on the N100 amplitude elicited by either S1 or S2 (p's>0.05) ( Table 2 ). Both S1-N100 (r=0.73, p<0.01) and S2-N100 (r=−0.35, p<0.01) amplitudes were correlated with N100 difference scores.
Ratio score (S2/S1)
There was no effect of alcohol dose on N100 ratio gating score (p>0.1) nor did this measure correlates with BrACs recorded during testing (p>0.2). However, both S1-N100 (r=0.45, p<0.01) and S2-N100 (r=−0.55, p<0.01) amplitudes were correlated with the N100 ratio gating score.
P200 component
Difference score (S1-S2) Alcohol dose did not affect P200 difference scores (p>0.2) (Fig. 3) . No correlations were observed between P200 difference scores and this BrAC measure (p's>0.8).
Dose group did, however, have a significant effect on S1-P200 amplitude (F 2,54 =3.53, p=0.04). Participants receiving the moderate dose recorded significantly smaller S1-P200 a Inventory-II (Beck et al. 1996) b Spielberger State Anxiety Inventory (Spielberger 1983) c Quantity-frequency index (Cahalan et al. 1969) d Body-mass index No other group differences were observed for S1-P200 amplitudes (p>0.2). S2-P200 amplitude did not differ between dose groups (p's>0.2) ( Table 2 ). There was a significant correlation between S1-P200 amplitudes and P200 difference scores (r=0.87, p<0.01). However, S2-P200 amplitudes were not associated with P200 difference scores (p>0.6).
Ratio score (S2/S1)
Alcohol dose had no effect on P200 ratio gating scores (p>0.5). There was no correlation between BrACs and P200 ratio scores (p>0.4). Both S1-P200 (r=−0.36, p<0.01) and S2-P200 (r=0.49, p<0.01) amplitude measures were correlated with P200 ratio scores.
Gating score correlations P50 and N100 difference scores were significantly correlated (r=0.52, p<0.01). Neither measure, however, was correlated with P200 difference scores (p's>0.05). P50 and N100 ratio scores were also significantly correlated (r=0.31, p=0.03). Again, neither one was correlated with P200 ratio scores (p>0.1).
A.
B. 
Discussion
Sensory gating is an electrophysiological phenomenon believed to represent a mechanism for filtering irrelevant sensory information and promoting attentional efficiency. The present study investigated the effects of low-to-moderate alcohol doses on sensory gating of the P50, N100, and P200 auditory evoked potentials in social drinkers. The moderate dose produced deficits in P50 and N100 gating. P200 sensory gating, however, was not significantly affected by either dose. In addition, the moderate dose resulted in reduced P50 and P200 S1 amplitudes relative to the placebo beverage. These findings suggest that alcohol disrupts pre-attentional sensory filtering and registration processes at BrACs below the current 0.08 % legal limit and extend the findings of a previous study which observed an association between BrAC and P50 sensory gating (Freedman et al. 1986 ). The effect of alcohol on N100 sensory gating, however, was only observed using the difference score. This contrast between N100 difference and ratio scores may be related to differences in their reliability (Dalecki et al. 2011; Rentzsch et al. 2008 ) and/or sensitivity to alcohol effects. It is also possible, however, that these two measures reflect different aspects of sensory gating. Previous research suggests that the difference score is more sensitive to alterations in S1 evoked amplitudes and is therefore more closely associated with sensory registration or "gating-in" functions whereas ratio scores are more reflective of S2 suppression or "gating-out" mechanisms (Brockhaus-Dumke et al. 2008 ). This theory is supported by the pattern of correlations between amplitude measures and gating indices observed in the current study across all three components (i.e., stronger correlations between S1, compared to S2, amplitudes and difference scores, with the opposite being true for ratio scores). Therefore, our N100 data provide evidence for a predominant "gating-in" deficit induced by moderate alcohol doses.
This deficit in sensory registration is in line with previous reports of impaired mismatch negativity (MMN; an electrophysiological response to relevant, deviant auditory stimuli) following the consumption of moderate alcohol doses (He et al. 2013; Kenemans et al. 2010) . While reduced P50 difference scores as well as S1-P50 and S1-P200 amplitudes observed in the moderate-dose group also support this possibility, the P50 ratio scores suggest that alcohol also disrupts inhibitory, "gating-out" processes at earlier stages of information processing. Importantly, a post hoc analysis of our sensory gating data revealed that the observed gating deficits occur independent of disruptions in sensory registration. The moderate-dose group continued to exhibit significantly smaller difference scores and larger ratio scores compared to A. B. placebo when S1-P50 amplitude was included as a covariate (p's<0.05). Although the neurobiological processes underlying these gating deficits remain unclear, ethanol's inhibition of alpha-7 nicotinic acetylcholine receptor function (Yu et al. 1996) might represent a potential mechanism. Work in both animals (Feuerbach et al. 2009; Stevens et al. 1996) and humans (Freedman et al. 1997; Raux et al. 2002) suggests that this receptor is critical for proper P50 sensory gating. Alcohol's disruption of dorsolateral prefrontal cortical functioning during neurocognitive task performance (Paulus et al. 2006; Wendt and Risberg 2001) may provide an additional explanation for the observed impairments. Recent studies using functional neuroimaging modalities lend support to the emerging theory that the lateral prefrontal cortex plays a critical role in P50 sensory gating (Ehlis et al. 2009; Mayer et al. 2009 ). These findings are in line with observations from studies examining disrupted sensory gating in populations suffering from impaired prefrontal functions (i.e., schizophrenic and lesion patients).
Finally, these data provide further evidence that gating of the P50, N100, and P200 components reflects distinct phenomena. Despite a common susceptibility to alcohol effects and significant correlations between P50 and N100 gating indices, gating scores for neither component correlated with P200 gating which was not affected by alcohol dose. Furthermore, alcohol appears to disrupt P50 and N100 gating via different mechanisms as evidenced by the differential effect of the moderate dose on S1 evoked amplitudes and ratio scores. A possible explanation for the discord between the sensory gating data of the three AEPs could be their different susceptibilities to endogenous attentional states. For example, N100 amplitude increases with attention to the stimulus (Hillyard et al. 1973; Lee et al. 2014 ) whereas the opposite is true for the P200 (Crowley and Colrain 2004) . In addition, attentional manipulations have been shown to affect N100 and P200, but not P50, sensory gating values (Jerger et al. 1992; Kho et al. 2003; Rosburg et al. 2009 ). Therefore, the three gating measures may exhibit little to no relationship depending on the attentional resources allocated to the tone stimuli by the participant. Although an effort was made to control for this variable (i.e., instructions to passively listen to tones), the attentional state of the participants could not be confirmed.
Limitations
The potential effect of BrAC limb on sensory gating was not adequately addressed in the present investigation. There is an extensive literature documenting the phenomenon of acute tolerance (e.g., greater impairment observed during the ascending limb of the BrAC curve than the descending limb despite equivalent BrACs) (Schweizer and Vogel-Sprott 2008) . The present study, however, was not adequately designed to address possible effects of acute tolerance, as sensory gating was tested at only one time point in each participant. Instead, task order, which did not have an effect on gating measures, provided the best estimate of limb effects as the BrACs recorded during the task did not differ between order assignments (p>0.8).
The variability in both behavioral and functional brain responses to alcohol among social drinkers also represents a potential limitation due to the between-subjects design of the current study (Paulus et al. 2012; Tolentino et al. 2011 ). However, the strict inclusion criteria applied and the absence of group differences in consumption variables (i.e., QFI and Max-QFI) mitigate the potential impact of baseline differences between dose groups. Furthermore, the between-subject design avoids issues related to attrition and practice effects.
Conclusion
The data presented in this paper provide evidence that alcohol produces deficits in sensory mechanisms which promote the efficient allocation of attentional resources at BrACs as low as 0.06 %. Specifically, the observed impairments in stimulus suppression and sensory registration suggest increases in distractibility and inattention at this dose level, respectively. Unlike impairments in motor and cognitive functions frequently observed at higher doses, individuals are unlikely to be aware these subtle pre-attentive deficits and, therefore, are less likely to be able to compensate for them. The effect of alcohol on sensory gating, however, was not observed uniformly across the electrophysiological measures tested. These findings suggest that the neural processes underlying P50, N100, and P200 gating and the sensory processing functions they subserve are distinct. Further work is needed to explore the relationships between the gating of these three components and the specific aspects of information processing they represent. In addition, a combined analysis of these electrophysiological findings with behavioral data would allow us to determine if deficits in sensory gating are mediating the alcoholinduced attentional impairments. This approach would be of value to areas of research beyond alcohol by identifying potential neural mechanisms underlying deficits of inhibitory attention that can be observed across clinical populations. Finally, future studies exploring interactions between smoking and alcohol consumption would be of value due to the frequent co-occurrence of both activities and the established role of nicotinic receptors in sensory gating.
